Secondary hyperparathyroidism (sHPT) is a common acquired disorder seen in chronic renal failure. It may result in potentially serious complications including metabolic bone diseases, severe atherosclerosis and undesirable cardiovascular events (1). Parathyroidectomy (PTX) is required in about 20% of patients after 3-10 years of dialysis and in up to 40% after 20 years (2, 3).
term calcium and vitamin D supplementation (4) ; it is this practice that may result in recurrence because of growth of the parathyroid remnant or the autograft (6) . The third surgical option is total parathyroidectomy without an autoimplant, which has been described and reported to be potentially associated with complications such as adynamic bone disease and hypocalcaemia (4, 8) . Recently, this technique has gained popularity again, but there is still controversy about its outcomes, and long-term studies are required.
The aim of the current study was to evaluate the short-term and long-term outcomes of patients with secondary hyperparathyroidism who had undergone total parathyroidectomy with autotransplantation and thymectomy or subtotal parathyroidectomy with thymectomy by the same surgical team during the study period.
MATERIAL AND METHODS
This study was approved by the Institutional Review Board of Çukurova University Faculty of Medicine, Adana, Turkey. All patients enrolled in the study were informed about the aim of the study and provided written informed consent.
Study population
This prospective study recruited patients who were treated at the Nephrology and General Surgery Clinics between June 2003 and December 2011 and had undergone total PTX with AT or subtotal PTX due to sHPT because of renal disease.
The diagnosis of severe sHPT was established in all of the patients on the basis of clinical, biochemical, radiological and histological evidence. Our inclusion criteria for parathyroidectomy in symptomatic patients with sHPT included: age equal to or greater than 18 years, long-term dialysis treatment (>12 months), very high levels of intact parathyroid hormone (iPTH) (>500 pg/mL) that could not be normalized with the drug treatment available at the time, enlarged parathyroid glands visualized through imaging techniques, findings indicating osteitis fibrosa cystica or high bone turnover and at least one factor refractory to medical treatment (hypocalcaemia, serum calcium-phosphate production over 70 mg/dl, osteodystrophy or calciphylaxis, bone and joint pain or pathological fracture). Patients with a history of neck explorations for thyroid/parathyroid disorders or malignant disease of the thyroid glands were excluded from the study.
Study design and data collection
Patients were divided into surgical groups of total PTX+AT and subtotal PTX patients. Preoperative localization studies included neck ultrasonography and Tc-99 m sestamibi parathyroid scans. Serumionized calcium (iCa), phosphorus (P), alkaline phosphatase (AP) and intact parathyroid hormone (iPTH) were measured before parathyroidectomy and yearly after surgery in all patients from both groups.
Surgical approach
In all patients, the neck and presternal area were explored without sternotomy for the identification of the four parathyroid glands. Transcervical thymectomy and bilateral exploration of the carotid sheath were routinely performed. In cases of subtotal parathyroidectomy, a small cervical remnant of the most normal-appearing inferior gland was left in situ and signed with a small clip. In the total PTX group, the most normal-appearing non-nodular areas of the parathyroid gland were divided into pieces 1 mm 3 in size, and 15-20 of these pieces were placed in a single muscle pocket of the brachioradialis muscle and signed with a clip. As a result, for total parathyroidectomy with autotransplant, 50-60 mg of parathyroid tissue was autografted to the forearm; for subtotal parathyroidectomy, approximately 40-50 mg of parathyroid tissue was left in situ. All parathyroid tissues that were resected, autotransplanted, or left in situ were confirmed histologically. Intraoperative PTH measurements (IOPTH) in order to confirm surgical cure were available in only 23 patients. Our local population is particularly susceptible to thyroid disorders; therefore, thyroidectomy was performed whenever there was accompanying nodular thyroid disease. All surgical procedures were performed at the same center by the same surgical team throughout the study period.
During the first 48 postoperative hours, postoperative hypocalcaemia was managed with intravenous injections of 10% calcium gluconate given in response to actual serum calcium concentrations or severe symptoms or signs of hypocalcaemia. Patients were discharged from the hospital as soon as serum calcium levels were stabilized with oral calcium and cholecalciferol therapy. During the subsequent follow-up period, calcium and calcitriol supplements were adjusted orally according to each patient's serum calcium concentration.
Follow-up
Each patient was re-evaluated in a clinical follow-up visit at a general surgery outpatient clinic or, alternatively, in a telephone interview while his or her laboratory data for follow-up were provided by the nephrologist in charge of his or her case. Bone mineral density was measured for all patients using dual energy X-ray absorptiometry before parathyroidectomy and yearly afterward. All patients were monitored for fractures of any kind.
We define hypoparathyroidism as an iPTH measurement less than 12 pg/mL persisting one year after parathyroidectomy with normal or low serum calcium levels under vitamin D and oral calcium replacement. Hyperparathyroidism recurrence after surgery is defined as a high level of intact PTH persisting throughout the late postoperative follow-up period that fails to respond to medical/pharmacological management. We used the National Kidney Foundation's Kidney Disease Outcomes Quality Initiative (K-DOQI) guidelines to define persistent or recurrent high iPTH (300 pg/mL) (9) .
Statistical analysis
For each continuous variable, normality was checked by histograms and Shapiro Wilk or Kolmogorov-Smirnov normality tests. Parametric tests were chosen for the continuous data that were normally distributed. Since the data were not distributed normally, an appropriate non-parametric test was chosen. Comparisons between groups were performed using Student's t-test for normally distributed data and the Mann-Whitney U test for data that were not normally distributed. Time-dependent intragroup data were analyzed by the Friedman test. The categorical variables between the groups were analyzed using the Chi square test or Fisher's exact test. Results were presented as mean±SD and median (min-max). Statistical analyses were performed using the statistical package SPSS v 19.0.
RESULTS
This study randomly divided 50 patients, 25 female and 25 male, into two groups: a total PTX+AT group with a mean age±SD of 36.4±11.7 years (range: 18-63) and a subtotal PTX group with a mean age±SD of 42.6±14.5 (range: 18-71) years. The demographic and clinical data of these patient groups are summarized in Table 1 . There were no statistically significant differences between the groups. The average follow-up period was 65 months (range: 13-118).
In addition to parathyroidectomy, thyroidectomy was performed on nine patients (total thyroidectomy =6 and lobectomy + isthmectomy =3) because of coexisting thyroid disease. The majority of the removed parathyroid glands were found in normal anatomical positions, although some glands were found within the thymus (n=12), in the carotid sheath (n=4) and in the paraesophageal region (n=1). Two total thyroidectomies and one lobectomy + isthmectomy were performed in the total PTX+AT group while four total thyroidectomies and two lobectomy + isthmectomy operations were performed in the subtotal PTX group. There were no perioperative complications in either group. The average length of hospital stay was 5 (range: 3-10) days. Postoperatively, no vocal cord paralysis or substantial bleeding, hematoma or seroma requiring reoperation was recorded.
The only significant difference between the groups was in serum ionized calcium levels 24 hours postoperation (p=0.016). As expected, postoperative calcium levels were lower in the total PTX group, but they eventually increased to within the reference range. Postoperative intravenous calcium supplementation (up to a maximum of 0.8 g/kg/day) was required in four patients from the total PTX+AT group and three patients from the subtotal PTX group. Postoperatively, all patients were supplemented with active vitamin D analogues and temporarily with cholecalciferol 1 g/day (for 4-6 weeks). Active vitamin D was then given in a median daily dose of 0.5 g calcitriol (range: 0-2.5 g/day). There was no serious clinical problems related to hypocalcaemia, even in patients with symptomatic hypocalcaemia.
The serum iPTH levels decreased progressively during the first postoperative week, and the clinical symptoms including bone pain were improved in all formerly symptomatic patients. The individual courses of iPTH changes in the two groups after surgery are shown in Figure 1 . The short-term correction of severe hyperparathyroidism was similar in the two surgical patient groups, reaching 100% in the total PTX+AT group and 92% in the subtotal PTX group. One patient six years removed from his total PTX+AT and two patients nine years removed from subtotal PTX operations were the only patients to exhibit serum iPTH levels under normal reference values. During our follow-up period, none of the patients had iPTH levels above 500 pg/mL. One patient in the total PTX+AT group had hyperparathyroidism (not above 130 pg/mL) after five years of follow-up, and two patients in the subtotal PTX group had persistent parathyroid over function (one with 98 pg/mL at eight years after surgery, one with 108 pg/mL at nine years). One case experienced a recurrence of hyperparathyroidism that responded to medical therapy consisting of calcimimetics without any requirement for surgery.
The occurrence of hypoparathyroidism was observed in patients in both groups with total thyroidectomy. Although the sample size was insufficient to allow us to draw firm conclusions, the mean level of iPTH was found to be lower in the subtotal PTX group with thyroidectomy than in the total PTX+AT group with thyroidectomy or than the other groups (Figure 2) .
Renal transplantation was performed successfully in nine patients, four of whom were from the subtotal PTX group. When we compared the patients who underwent renal transplantation with other patients, there was no statistically significant difference between the groups in terms of iPTH levels ( Figure 3) .
DISCUSSION
This retrospective study showed that recurrence rates in patients with sHPT were lower after total parathyroidectomy with autotransplantation than after subtotal parathyroidectomy. The effectiveness of routine thymectomy was also demonstrated. Finally, the findings of the present study show that total PTX+AT or subtotal PTX results in a dramatic reduction in the serum iPTH level, an improvement in sHPT, and a decrease in complication rates and bone pain. The rates of symptomatic hyperparathyroidism and parathyroidectomy increase with time on dialysis treatment and with survival time (10) . In our country, we still have difficulties in providing kidney transplantation for all patients with chronic renal failure, so that many are exposed to the undesirable effects of long-term dialysis treatment. The prevalence of parathyroidectomy in end stage renal disease ranges from 9.2% after 10-15 years of dialysis to 20.8% after 16-20 years of dialysis (11, 12) .
Vitamin D analogues and calcimimetics have demonstrated efficacy, but this prophylactic therapy is not always effective and is also expensive. In some patients, cinacalcet may delay the need for PTX until the patient gets a renal transplant. In all others, active vitamin D, cinacalcet and PTX can be used sequentially. However, cinacalcet is not a cost-effective treatment for patients with sHPT because of its high cost (13, 14) . Unfortunately, during our study period (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) , no calcimimetics were available in our country. Advances in pharmacotherapy and dialysis continue, but the medical management of this condition remains suboptimal and expensive, especially in Turkey.
The success of surgical techniques for secondary hyperparathyroidism is correlated with success in the identification and removal of all parathyroid glands. In the preoperative course, identifying the localization of hyperplasic glands with 99m Tec sestamibi and ultrasonography may be insufficient (12) (13) (14) (15) . The presence of aberrant localization or an ectopic gland observed through scintigraphy may affect the success of the exploration (16). Milas et al. (17) reported that approximately 38% of mediastinal ectopic glands may be observed through scintigraphy. In most cases, identifying the localization of all glands using only these two routine imaging techniques in the preoperative course may be impossible (18) . The reason for this is the decreased sensitivity of imaging techniques in multiglandular parathyroid diseases apart from etiology. In our study, we detected neither aberrant glands nor any cases in which all four glands were preoperatively identified. Neither of the techniques were found to be superior to the other, but the simultaneous use of both techniques increased the number of glands that could be identified. Nevertheless, preoperative ultrasonography helped in the detection of co-existent thyroid nodules in addition to revealing the localization of the parathyroid glands.
To avoid persistent/recurrent hyperparathyroidism in surgery for sHPT, thymectomy should be performed routinely during the first surgical exploration from the cervical incision because basically all parathyroid glands are hyperplasic in these patients. The effectiveness of imaging is important for the surgeon only when an ectopic gland is identified. The success of sHPT surgery depends on the effective removal of all hyperplasic parathyroid glands and the pathological confirmation that all parathyroid tissues that were resected, autotransplanted or retained in the neck (1, 2, 5). We routinely perform cervical thymectomies and freeze and section all removed glands and tissues for perioperative confirmation. Through pathological evaluations, we also identify glands with diffuse hyperplasia, which we prefer for autotransplantation or to be left in the neck. It has been reported that patients with parathyroid nodular hyperplasia have higher rates of recurrence than those with diffuse hyperplasia after subtotal PTX or total PTX+AT (15) . The cost of frozen section analysis is almost equal to that of IOPTH testing at our hospital. We do not routinely study IOPTH levels for patients with sHPT, because the benefit of IOPTH data in sHPT has not been clearly defined. IOPTH measurement by means of rapid intact PTH assays is not recommended for routine use in sHPT patients, as the intraoperative characteristics of intact PTH levels cannot predict early or long-term outcomes (16) (17) (18) .
In the literature, the preferred autotransplantation locations after total parathyroidectomy are identified as the anterior brachioradial muscle, the sternocleidomastoid (SCM) muscle and the presternal area, where the pectoralis major muscle enters the sternum at the level of the left second intercostal space (10) . The arm chosen for the transplantation into the brachioradial muscle should preferably have no pre-existing or planned arteriovenous fistula. Transplantation is generally performed on the dominant arm in order to reserve the non-dominant arm for the fistula, offering the advantageous possibility of a minimally invasive surgical intervention with local anesthesia in case of recurrence due to autograft. We prefer the arm as a site for autotransplantation because the alternative approach in the neck may be more difficult, especially with local anesthesia. It is also more difficult to determine the localization in cases of transplantation to the neck (SCM muscle) or presternal muscle and to differentiate any supernumeric parathyroid glands in the neck or the mediastinum by means of MIBI in the event of any recurrence due to the graft. In the anterior arm, on the other hand, MIBI activity is usually diagnostic.
At the routine one-month postoperative iPTH level examination in the parathyroid autotransplant group, all patients presented normalization of iPTH levels except for one patient with an iPTH level lower than 12 pg/ml, whose hypoparathyroidism was observed to persist at subsequent examinations as well. This indicates that normalization should be expected within the first four weeks after the operation, although our data do not permit us to claim this with certainty. In the literature, the mean normalization time of PTH is reported as two weeks after the operation (19, 20) .
As there is no consensus concerning what constitutes adequate iPTH levels in patients with chronic renal failure, the prevalence of late hypoparathyroidism has been defined in the literature as ranging from 3% to 38% (21, 22) . In our study, late hypoparathyroidism after the operation occurred in three (6%) of 50 patients. The large range given for prevalence may Balkan Med J, Vol. 31, No. 1, 2014 result from many factors apart from the surgical technique. It is interesting that two patients with hypoparathyroidism from the subtotal PTX group later underwent total thyroidectomy. It may be speculated that perfusion of the remaining gland may be disturbed during thyroidectomy.
A dramatic drop in iPTH levels below normal has been reported after renal transplant and the recovery of normal renal function (17, 23) . Successful transplantation was performed on 18% of our patients. This may also have affected the iPTH levels of both groups and the low rate of hyperparathyroidism. Intact PTH after total PTX may arise from hyperplasia of residual parathyroid fragments under continuing uremic stimulation; by renal transplantation this effect is compromised. The aim of this operation is to bring PTH levels under control, minimize the likelihood of recurrent disease and limit potential sites of recurrence. The rate of persistent or recurrent hyperparathyroidism is 0-26%, and the rate of reoperation for recurrence is 5-15%. Pattou et al. (24) reported that "supernumerary parathyroid glands are present in 30% of patients with sHPT and are situated mainly in the thymus". This tissue is prone to hyperplasia when exposed to long-term stimulation. Thymectomy should be performed routinely during the first surgical exploration to prevent recurrences that might arise from the anterior mediastinal glands. It is worth noting that only Lorenz et al. (8) routinely performed cervical thymectomy in their 23 patients who underwent total parathyroidectomy without autotransplantation. The absence of PTH is associated with the risk of adynamic bone disease, especially in young patients who could receive a transplant. The presence of PTH following surgery suggests that some residual tissue remains and supports the practice of routine thymectomy (25) . This may explain the low iPTH levels that we observed in follow-up. We believe that a complete inspection including the identification of parathyroid tissue combined with the excision of central fat while leaving a vascularized remnant in the neck or a transplant outside the neck is the procedure of choice for sHPT. Performing routine cervical thymectomy may decrease rates of persistence and the recurrence of PTH, as it did in our study group.
It is also well worth noting that all recurrences occurred in patients who were receiving dialysis treatment (26, 27) . Therefore, the most important reason for recurrence was related not to the surgical approach itself but rather to the effects of longstanding renal disease, given that no recurrence was observed among patients who received renal transplantation, even throughout a long follow-up period. The rate of transplantation was 20% in our study group (16% in the subtotal PTX group and 20% in the total PTX group). As the main etiologic factor for recurrence was eliminated in those patients, most of our patients' PTH levels have remained in a range at which no reoperations are required.
The strengths of our present study include its prospective randomized design, standardization of the surgical technique and long follow-up time. A limitation of our study is that it was inadequately powered to assess the differences between the groups because we included patients who underwent transplantation and whose etiologic susceptibility to recurrence was thereby abolished. Nevertheless, our study demonstrated favorable short-term and long-term outcomes throughout a follow-up period of long duration.
This study reviewed a group of secondary hyperparathyroidism patients prior to the use of calcimimetics. Although calcimimetics have probable and partially proven effectiveness in the clinical management of renal patients, they have only been available in Turkey for two years, and even now not all chronic renal disease patients can afford them. Even in kidney-transplanted patients, parathyroidectomy is an important therapeutic procedure, as it appear to safely preserve renal function regardless of the surgical technique. In this prospective randomized study, we found that patients who underwent total PTX+AT had lower rates of recurrence than those who had subtotal PTX; this is in agreement with current literature. We believe that, in order to avoid possible hypoparathyroidism and to manage persistent or recurrent HPT, total PTX+AT is the more suitable procedure for sHPT.
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